Hyptis verticillata is a medicinal plant reported to possess strong antioxidant activity growing in the American continent with no evidence of its cultivation in Nigeria. The present study was designed to investigate the phytocompounds present in n-hexane extract of the leaves of H. verticillata cultivated in Calabar, Cross River State, Nigeria. The phytochemicals found in relatively high amounts were flavonoids (19.67±1.53%), phenols (13.20±0.40 mg/g) and saponins (7.17±1.04%). Others including phytates (0.42±0.76 mg/g), cyanogenic glycosides (3.80±0.20%) and oxalates (2.01±0.09%) were present in low concentrations. The GC-MS (gas chromatography-mass spectrometry) analysis of the extract revealed fifteen bio-active compounds, mainly hydrocarbons, fatty acid esters and alcohols. The most predominant compounds were, 9,12,15-octadecatrienoic acid, 2,3-bis(acetyloxy) propyl ester (18.17%), 5-cholestene-3-ol, 24-methyl-(17.48%), 1-iodo-2-methylnonane (10.89%), glycerol 1,2-dipalmitate (8.19%), 1-pentadecene (5.18%), 1-hexadecene (4.80%) and methyl-14-methylpentadecanoate (4.76%). The chemical profile of H. verticillata grown in Nigeria is akin to that in the West, hence may serve for similar aromatic and medicinal purposes.
INTRODUCTION
Hyptis verticillata Jacq. commonly called John Charles in Jamaica, Costa Rica and Belize is a perennial plant that belongs to the plant family Lamiaceae also known as mint family. It is an essential medicinal plant that originates from Central America and has been used traditionally over a long period of time. It is now extending from Florida to other parts of America and the Caribbean countries (Picking et al., 2013) . Hyptis verticillata has been used medicinally in Mesoamerica since the times of the Aztec and Mayan cultures (Ocampo and Balick, 2009) . It is among the most abundant species of the genus Hyptis and it grows up to the height of one to two meters with slender stems that are well branched; mainly square when they are young. It is dark -green in colour and aromatic in nature, somewhat bitter, being two to 13cm long. It has small flowers (aromatic) that are arranged in raceme and have a greenish-white or purple corolla that are two millimeters long (Warner, 2007; Picking et al., 2013) . The relative lack of botanical description of Hyptis verticillata amongst African authors in the literature is an indication that the plant is alien to the sub Saharan Africa (Oral Communication with a toxicological biochemist, 2016).The plant is used in the complementary treatment of several ailments including asthma, fever, arthritis, gastrointestinal problems, infections, toothache, and herpes amongst other traditional uses. Pharmacological evaluations have shown antimicrobial, anti-inflammatory, anti-cancer, antisecretory, insecticidal and molluscicidal activities (Picking et al., 2013) .
Plants produce many chemical compounds that play important roles in influencing biological activities including development of defense against insects, fungi and herbivorous mammals (Tapsell et al., 2006) . The mechanisms of action of herbal medicines do not vary greatly from those of the conventional drugs because the chemical compounds present in plants elicit their effect on human body via processes that are similar to those that are already understood for the chemical compounds in conventional drugs (Lai Roy, 2004; Tapsell et al., 2006) . These chemical compounds are a product of the plant's secondary metabolism (secondary metabolites) that can only be obtained from plants and are found in an array of plants that are employed as essential components of both human and animal diets including fruits, seeds, herbs and vegetables (Okwu, 2005) . The study of these phytochemicals is fundamental to understanding their essential roles in the human system such as protection and treatment of diseases and their likely adverse effects (Arnason et al., 2013) . It was imperative therefore, to profile the chemical composition of Hyptis verticillata, a plant originally alien to Calabar, Nigeria, to know whether its essential bioactives were retained. The geographical location, climatic conditions and edaphic factors amongst others, are known to affect the chemical composition of plants and hence their medicinal and aromatic properties (Gairola et al., 2010) .
MATERIALS AND METHODS Plant material and treatment
Hyptis verticillata was cultivated in a homestead garden in Calabar Municipality, Cross River State, Nigeria, from where the fresh leaves were harvested as shown in Plate 1. The leaves were washed and air dried at room temperature for two weeks. The dried leaves were blended to fine powder and the resulting powder was then extracted in varying reagents and used for analyses.
Phytochemicals evaluation
Determination of alkaloids was done using the methods of Harborne (1973) , flavonoids were estimated by the methods of Bohm and Kocipai-Abyazan (1994) . Saponins content was determined by the method of Obadoni and Ochuko (2001) , oxalates were determined by the Krishna and Ranjhan (1980) method. The estimation of total phenols was determined using the modified Folin-Ciocalteu method as described by Bello et al. (2011) . The phytates content was determined using the method of Griffiths and Thomas (1981) while tannins were determined by the Van-Burden and Robinson (1981) method. The cyanogenic glycosides content was determined by the methods of Sofowara (1993.
GC-MS analysis
The GC-MS analysis was carried out on a GC-MS (Model: QP2010 plus Shimadzu, Japan) comprising an AOC-20i auto-sampler and gas chromatograph interfaced to a mass spectrometer (GC-MS). The instrument was equipped with a VF5 MS fused silica capillary column of 30 m length, 0.25 mm diameter and 0.25 µm film thickness. The temperatures employed were; column oven temperature 80 o C, injection temperature 250 o C at a pressure of 108.0 KPa with total flow and column flow of 6.20 ml/min and 1.58 ml/min respectively. The linear velocity was 46.3 cm/sec and a purge flow of 3.0 ml/min. The GC program ion source and interface temperatures were 230 o C and 250 o C respectively, with solvent cut time of 2.50 min. The MS program starting time was 3.00 min which ended at 28.00 min with event time of 0.50 sec, scan speed of 1250 µl/sec, scan range 40-800 u and an injection volume of 1 µl of the plant extract (split ratio 1.0). The total running time of GC-MS was 28 mins. The relative percentage of the analyte was expressed as a percentage with peak area normalization. Interpretation on the mass spectrum was conducted using the database of National Institute of Standards and Technology (NIST) which has over 62,000 patterns. The fragmentation pattern spectra of the unknown components were compared with those of known components stored in the NIST library (NIST Ver. 2.0, 2005) . The relative percentage of each phytocomponent was calculated by comparing its average peak area to the total area. The name, molecular weight and structure of the components of the test materials were ascertained in the absence of pure standards (Uraku, 2016 , Altemimi et al., 2017 .
Data presentation
The data obtained from this study were presented as mean ± standard deviation of triplicates determinations.
Plate 1: Photograph of Hyptis verticillata Jacq. (Lamiaceae) taken from a homestead garden in Calabar, Cross River State, Nigeria.
RESULTS
The result of the quantitative phytochemical evaluation shown in Table 1 indicates the presence of flavonoids and phenols in relatively high concentrations (19.67±1.53% and 13.20±0.40 mg/g, respectively), saponins and alkaloids in appreciable concentration (7.17±1.04% and 5.67±0.15%, respectively) whereas the tannins, cyanogenic glycosides, phytates and oxalates were found in relatively low concentration (4.89±0.13 mg/g, 3.80±0.20%, 0.42±0.76 mg/g and 2.01±0.09%, respectively) in H. verticillata leaves. The GC-MS chemical profiling of the n-hexane extract of H. verticillata leaves shown in figures 2a-2o revealed fifteen bio-active compounds that are mainly hydrocarbons, fatty acid esters and alcohols ( Figure 1 ). The 9,12,15-octadecatrienoic acid,2,3-bis (acetyloxy)propyl ester (18.17%), 5-cholestene-3-ol,24-methyl-(17.48%), 1-iodo-2-methylnonane (10.89%), glycerol 1,2-dipalmitate (8.19%), 1-pentadecane (5.18%), 1-hexadecene (4.80%) and methyl-14-methylpentadecanoate (4.76%) were the predominant compounds found in the plant extract (Table 2) . 
DISCUSSION
Phytochemicals are the chemicals present in plant and these active compounds are isolated for use in modern medicine (Fabricant and Farnsworth, 2001 ). The results obtained in this study showed that the leaves of the plant are rich in flavonoids, phenols and saponins, whereas phytates, cyanogenic glycosides and oxalates occurred in trace amounts. The flavonoids are polyphenolic compounds and have been recognized to possess pharmacological properties like antioxidative, hepatoprotective, antibacterial, anti-inflammatory, anticancer and also potential antiviral properties (Kumar et al., 2013; Saxena et al., 2013) , besides their wellknown antioxidant activity. This foreshows the possible medicinal potentials of the homegrown H. verticallata. Phenols are aromatic compounds having one or more hydroxyl group attached to a phenyl ring. They have antioxidant properties and their inhibitory effect on mutagenesis and carcinogenesis is probably their most important activity biologically (Ho, 1992) . The result of phenols obtained from this study is higher than those obtained from the stem, root and flowers of Taraxacum officinale, a work reported by Mir et al. (2013) and also higher than the ones got from Solanum indicum (Aberoumand, 2012) . Saponins were present in appreciable concentration in H. verticillata leaves which was higher than what were observed in the stem, root and flowers of Taraxacum officinale as reported by Mir et al. (2013) and also higher than those for V. amygdalina and O. gratissimum as reported by Udochukwu et al. (2015) .
Saponins have been noted to have antimicrobial properties, prevent mould formation and insect attack on plants. They have been included in phyto-protectants which are a group of protective molecules found in plants due to their roles in plant's defense mechanisms (Lacaille-Dubois and Wagner, 2000) . They have hypocholesterolemic effect because they reduce certain nutrient uptake e.g. glucose and cholesterol at the gut via intra-luminal physiochemical interaction (Aberoumand, 2012) . Alkaloids are a group of chemical compounds that occur naturally, made up of nitrogen ring and are produced by different organisms including bacteria, plants, fungi and animals (Aberoumand, 2012; Saxena et al., 2013) . They have been reported to possess a wide range of pharmacological activities which includes: emetic, anticholinergic, antitumor, diuretic, antiviral, antihypertensive and antidepressant amongst others (Aberoumand, 2012) . The result obtained for alkaloids is higher than those reported for V. amygdalina and O. gratissimum by Udochukwu et al. (2015) . Tannins are polyphenolic compounds that have astringent, diuretic, anti-inflammatory, antiseptic, antioxidant and haemostatic properties (Dolara et al., 2005; Saxena et al., 2013) . They are also used for treatment of gastric and duodenal tumors (Dolara et al., 2005; Saxena et al., 2013) . The values of tannins of H. verticillata leaves was lower than that reported for V. amygdalina but higher than that reported for O. gratissimum by Udochukwu et al. (2015) . The values of saponins, alkaloids and tannins were higher when compared to those reported on fifteen plant species collected at Umudike, Nigeria as reported by Dike (2010) . Saponins, alkaloids and tannins are of importance in the different antibiotics that are used in the treatment of common pathogenic strains and it was shown in the work carried out by Kubmarawa (2007) and Mensah (2008) . Although phytochemicals have beneficial effects on human health and play a part in the prevention of diseases, they also act as photoprotectant and respond to environmental changes for instance saponins, isoflavones, anthocyanins and flavonoids which play roles in plant's defense mechanisms and also assist them in resisting pathogens (Agte et al., 2000; Lacaille-Dubois and Wagner, 2000) . Phytates and oxalates are anti-nutrients and they chelate metals resulting in the formation of insoluble salts thus making them unavailable to the body (Abdoulaye et al., 2011) .
Phytates readily chelate calcium, iron and zinc while oxalates chelate magnesium and calcium but most especially calcium, forming calcium-oxalate crystals which can lead to kidney stone development (Abdoulaye et al., 2011; Norris, 2013) . Beside the negative effect of phytate which seemed to be its only pharmacological activity it has been evidenced recently to have antioxidant, anticancer, hypocholesterolemic and hypolipidemic properties. It can also inhibit polyphenol oxidase which causes oxidative browning in fruits and vegetables and reduces the oxidative reactions that are catalyzed by iron (Aberoumand, 2012) . Hydrogen cyanides are released when fresh plant materials that contain cyanogenic glycosides are macerated permitting the reaction between enzymes and cyanogenic glycosides (Magnuson, 1997) . Cyanide is one of the most potent and rapidly acting poisons known in plant food and it is shown to be very low in H. verticillata leaves alongside oxalates and phytates (Table 1) . It can cause the death of cells by interfering with the oxidative processes. The human body can detoxify cyanide quickly, therefore can withstand a concentration of 50-60 ppm per hour without fatal consequences but conversely at the concentration of 200-500 ppm for 30 minutes (Magnuson, 1997) .
The gas chromatography-mass spectrometry (GC-MS) analysis indicated that H. verticillata leaves contains fifteen bioactive compounds that are mainly hydrocarbons, fatty acid esters and alcohols namely: 9,12,15-octadecatrienoic acid,2,3-bis(acetyloxy)propyl ester, 5-cholestene-3-ol,24-methyl-;
1-iodo-2-methylnonane; glycerol 1,2-dipalmitate; 1-pentadecene; 1-hexadecene and methyl-14-methylpentadecanoate which were the predominant compounds found in the leaves of the plant ( Table 2 ). The 9,12,15-octadecatrienoic acid,2,3-bis(acetyloxy) propyl ester, is an unsaturated fatty acid ester which has been shown to possess antiinflammatory, hypocholesterolemic, cancer preventive, hepatoprotective, nematicide, insectifuge, antihistaminic, antieczemic, antiacne, 5-alpha reductase inhibitor, antiandrogenic, antiarthritic and anticoronary activities (Dhayabaran and Thangarathinam, 2016) , while 5-cholestene-3-ol,24-methylwhich is a steroid possesses antimicrobial, anti-inflammatory, anticancer, diuretic, antiarthritic and antiasthma activities as reported by Dhayabaran and Thangarathinam (2016) . The result obtained for 9,12,15-octadecatrienoic acid,2,3-bis(acetyloxy) propyl ester (18.17%) and 5-cholestene-3-ol,24-methyl-(17.48%) from the leaves of H. verticillata is higher than that of the ethanolic extract of Senna uniflora whole plant as reported by Dhayabaran and Thangarathinam (2016) . 1-tetracosanol which is an alcoholic compound have been known for its antibacterial activity as reported by Kuppuswamy et al. (2013) and the value obtained in the present study (Table 2) is lower than that reported on the chloroform leaf extract of Croton bonplandianum by Kuppuswamy et al. (2013) . The 1-iodo-2-methylnonane is an iodo compound and have antimicrobial activity according to the work of Jasmine et al. (2013) , the result obtained for 1-iodo-2-methylnonane (10.89%) is higher than that reported on decholestrate (a polyherbal formulation) by Jasmine et al. (2013) . According to Akpuaka et al. (2013) The results obtained for hexadecane (Table 2) is lower when compared to those reported by Yogeswari et al. (2012) and Ardalan et al. (2016) . The values of eicosane (3.74%) obtained from H. verticillata is lower than that reported by Jasmine et al. (2013) and Kumar et al. (2011) while that of octadecanoic acid, methyl ester is lower as compared to the work reported on the methanolic extract of the seed and root of Rorippa indica (Ananthi and Ranjitha, 2013) . The 1-pentadecene is a hydrocarbon that has antibacterial activity based on the study of Kumar et al. (2011) and the result obtained from this study is higher than those reported on Actinotrichia fragilis by Ardalan et al. (2016) and Kumar et al. (2011) , respectively, while 1 H-pyrrole,2,5-dihydro-1-niroso-which is a nitro compound possess antibacterial, antiviral, anticonvulsant and analgesic properties as reported by Sosa et al. (2016) . 1-hexadecene is a long chain fatty acid that has antibacterial activity as reported by Kuppuswamy et al. (2013) , the values of 1-hexadecene (4.80%) obtained from this study is higher than those reported on the chloroform fraction but lower than the dichloromethane fraction of Monochaetia kansensis as reported by Yogeswari et al. (2012) and also lower than that reported by Kumar et al. (2011) . The result obtained from H. verticillata indicated that percentage concentration of 2-tridecene (3.42%) is higher than that of Colpomenia sinuosa a work reported by Ardalan et al. (2016) while that of tridecane is higher than the values obtained for Actinotrichia fragilis but lower than that of C sinuosa as reported by Ardalan et al. (2016) .
Generally, some plant foods when not consumed as snacks or food are administered for the purpose of treating certain diseases and H. verticillata has been exploited traditionally for its anti-inflammatory, antimicrobial, antioxidant, hepatoprotective potentials amongst other therapeutic benefits in the American continent with no evidence of its cultivation/use in Nigeria (Umoh, 1998; Picking et al., 2013) . The medicinal value of the leaves of H. verticillata is probably because of the presence of flavonoids, saponins and phenols which were present in elevated levels.
Conclusion
The present study investigated the phyto constituents of H. verticillata leaves cultivated in Calabar, Cross River State, Nigeria. H. verticillata leaves were found to possess a number of phytochemicals, some of which were present in appreciable concentrations (flavonoids, phenols, saponins and alkaloids) while the antinutrients were in very low concentrations. Fifteen bioactive compounds were identified in the plant using GC-MS analysis where 9,12,15-octadecatrienoic acid,2,3-bis(acetyloxy) propyl ester, ; 5-cholestene-3-ol,24-methyl-; 1-iodo-2-methylnonane; glycerol 1,2-dipalmitate; 1-pentadecene; 1-hexadecene and methyl-14-methylpentadecanoate were the predominant ones. These compounds are known to possess mainly antifungal, antibacterial, antioxidant, anti-inflammatory, hypocholesterolemic, anticancer, anticoronary, 5-alpha reductase inhibitor and antimicrobial activities. These data obtained suggests that H. verticillata leaves may be a good source of medicinal and aromatic compounds relevant in the nutraceutical and cosmetic industry. Also it is a potential source of a complement of antioxidant compounds.
